Objective: Family-based physical activity interventions have the potential to reduce obesity, but more information is needed regarding physical activity in the family context. This study used an actor-partner interdependence model to estimate the dyadic association between perceived weight status and barriers to physical activity in dyads of adults and their adolescent children. It was hypothesized that greater perceived weight would be associated with greater barriers perceived by both one's self and one's partner. Method: Data from 1,568 dyads in the Family Life, Activity, Sun, Health, and Eating study were used to examine the dyadic association between perceived weight status (i.e., greater perceived weight category) and barriers to physical activity. Models were stratified by actual weight (an overweight or obese dyad member vs. two normal weight dyad members) and adjusted for parent education, parent and adolescent age, gender, and race. Results: Among dyads with at least 1 overweight/obese member, greater perceived weight status was positively associated with one's own perceived barriers (significant actor effects, ␤s ϭ 1.17 and 1.03, ps Ͻ 0.01) and one's partner's perceived barriers (significant partner effects, ␤s ϭ 0.38 and 0.62, ps Ͻ 0.01). No statistically significant relationships were found for dyads with only normal weight members. Conclusions: Among dyads with at least 1 overweight or obese member, significant partner effects for parents and adolescents demonstrate that the weight perception of 1 dyad member correlates with the barriers of the other member. These dyadic associations highlight the potential importance of family-based interventions for physical activity.
Obesity rates in the United States are at critical levels. Specifically, one third of youth under the age of 20 are overweight or obese, and approximately 70% of U.S. adults over the age of 20 are overweight or obese (National Center for Health Statistics, 2016) . Obesity is associated with several health consequences in youth and adults, such as cardiovascular disease, Type 2 diabetes, and cancer (Dietz, 1998; Goran, Ball, & Cruz, 2003; Maggio & PiSunyer, 2003) ; therefore, reducing obesity is critical to avoid deleterious consequences later in life (Balk et al., 2015) . Several behavioral factors are related to obesity reduction and prevention, such as physical activity (Balk et al., 2015) . However, perceiving barriers to physical activity could be a deterrent to participating in this behavior. Research has shown that perceiving a greater number of barriers is associated with lower physical activity among youth (Allison, Dwyer, & Makin, 1999; Sallis, Prochaska, & Taylor, 2000) . Adults also experience barriers to physical activity, which can lead to lower physical activity levels (Venditti et al., 2014) .
Perceived barriers are included in theories of health behavior and behavior change. Perceived barriers are a core construct in the health belief model, in which they are hypothesized to directly impact preventive health behaviors in combination with perceived benefits. That is, a behavior is less likely if its barriers are seen as outweighing its benefits. As previously described by others (Glanz & Bishop, 2010; Glasgow, 2008) , barriers and related constructs are also included in other theories, including the transtheoretical model (TTM; Prochaska, DiClemente, & Norcross, 1992 ) and social cognitive theory (SCT; Bandura, 2001 ). In the TTM, temptations to engage in less healthful behaviors (conceptually similar to barriers) are posited to lessen as individuals move to a later stage of readiness for behavior change (Nigg et al., 2011) . In addition, self-efficacy in the SCT is conceptualized as efficacy for behavior in the context of barriers (Glanz & Bishop, 2010; Glasgow, 2008) . Individuals with greater self-efficacy may, in turn, perceive fewer obstacles to engaging in a behavior (Bandura, 1998 (Bandura, , 2004 . However, questions remain about factors that are Kara P. Wiseman, Minal Patel, Laura A. Dwyer, and Linda C. Nebeling, Behavioral Research Program, National Cancer Institute, Bethesda, Maryland. Laura A. Dwyer is now at Cape Fox Facilities Services, Manassas, Virginia.
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In the public domain 2018 , Vol. 37, No. 8, 767-774 http://dx.doi.org/10.1037 associated with barriers and which factors may ultimately impact physical activity. A better understanding of influences on barriers to physical activity is critical for the development of interventions, which may ultimately increase this important behavior.
Weight perception (e.g., an individual's perception of their own weight status) may also influence engagement in physical activity. In the United States, several studies have found that adolescents and adults have a biased perception of their weight, believing that they are not overweight when they are actually overweight or obese (Burke, Heiland, & Nadler, 2010; Chang & Christakis, 2003; Duncan et al., 2011; Quick et al., 2014; Yaemsiri, Slining, & Agarwal, 2011) . However, the influence of weight perception on physical activity is mixed. Specifically, previous research has found that adults who perceived themselves as overweight are less likely to be physically active (Atlantis, Barnes, & Ball, 2008) . However, other research found that among overweight adults, those who perceived themselves to be nonoverweight were less likely to be physically active (Duncan et al., 2011) . In adolescents, one study found that adolescents who underestimated their weight were more likely to be physically active (Fredrickson, Kremer, Swinburn, de Silva, & McCabe, 2015) . In a similar vein, Kantanista, Osiński, Borowiec, Tomczak, and Krǒl-Zielińska (2015) found that a better body image was a positive predictor of moderate to vigorous physical activity. Although weight perception seems to be associated with physical activity, more research is needed to determine the mechanism of this association (Voelker, Reel, & Greenleaf, 2015) , to better understand the existing mixed findings, and to provide valuable insight for intervention development. Based on health behavior theories, one hypothesis is that increasing weight perception leads to an increase in barriers to physical activity. For example, Stankov, Olds, and Cargo (2012) suggested that increasing weight perception lowered motivation for exercise; thus, weight perception could be representing other important intraindividual factors that are also included in health behavior theories.
Adolescents' beliefs about weight or body image are shaped by people important in the adolescent's life, which includes their parents (Voelker et al., 2015) . Further, there are shared patterns of physical activity between parents and children (Bélanger-Gravel, Gauvin, Lagarde, & Laferté, 2015; Dunton et al., 2012) ; therefore, attitudes about physical activity, like barriers, might also be shared among family members. To date, only one study has examined whether parents' psychosocial variables influence their child's physical activity among family dyads (Anderson, Hughes, & Fuemmeler, 2009 ). Anderson et al. (2009) assessed the impact of positive parental attitudes on their child's attitudes and activity levels and found that parent's positive attitudes were associated with their children's attitudes toward physical activity. Even though this study did not include barriers to physical activity or perceived weight status, the results show the complex influence that a parent's opinion could have on that of their adolescent child, making it imperative to consider the role of family in understanding the potential association between perceived weight status and barriers to physical activity. Further, Anderson and colleagues' study was designed to assess the potential role of parents' beliefs on their children. However, interventions that promote increased activity levels in both parents and their children show great promise (Bélanger-Gravel et al., 2015; de Heer et al., 2017; de la Haye, de Heer, Wilkinson, & Koehly, 2014) , and bidirectional family interventions for obesity prevention have been recommended (Skouteris et al., 2012) . Therefore, it is important to also consider the impact that children might have on their parents.
The goal of this study was to bridge our understanding of the associations of weight perception with barriers to physical activity, while considering the potential bidirectional association between family members (parents and adolescents) on both constructs. Specifically, the research question for this study was, what is the dyadic association between perceived weight status and barriers to physical activity among parent and adolescent dyads? It was hypothesized that (a) a parent's or adolescent's greater perceived weight status would be positively associated with their own barriers to physical activity, (b) a parent's greater perceived weight status would be positively associated with their child's barriers, and (c) an adolescent's greater perceived weight status would be positively associated with their parent's barriers. The results of this study can assist with the development of physical activity interventions by providing a better understanding of the potential mechanisms through which family dynamics might act on precursors of physical activity.
Method

Data
Data for this study are from the Family Life, Activity, Sun, Health, and Eating (FLASHE) study. FLASHE was a crosssectional web-based survey sponsored by the National Cancer Institute that was conducted in 2014 using a national nonprobability sample of parent-adolescent dyads in the United States (Nebeling et al., 2017) . The survey included three modules: diet, physical activity, and demographic information. FLASHE was reviewed and approved by the U.S. Government's Office of Management and Budget, the National Cancer Institute's Special Studies Institutional Review Board (IRB), and Westat's IRB. The present analysis was exempt from IRB review as it was a secondary data analysis of publicly available, deidentified data. At the end of the survey administration, 29.4% of the dyads invited to participate in FLASHE had at least one person (parent/caregiver and/or their adolescent) participate in any of the three modules. The data set used for this study was a merged data set of the demographic and physical activity modules for any dyad that had parent or adolescent data on each of these modules (N ϭ 1,859 dyads).
Study Population
From the full data of 1,859 dyads, 291 were excluded so that the final data set included only dyads with complete information for the physical activity barrier items or perceived weight status items (89 dyads excluded had parents and adolescents with missing information on at least one barrier item or perceived weight item, 164 dyads excluded had only adolescents with missing information on at least one barrier item or perceived weight status item, and 38 dyads excluded had only parents with missing information on at least one barrier item or perceived weight status item), leaving 1,568 dyads in the analytic sample.
Measures and Coding
The outcomes of interest for this study were barriers to physical activity for the parent and the adolescent. On the FLASHE survey, each parent and adolescent was asked five identical questions regarding cognitive barriers to physical activity, each with 5-point Likert-type responses (range ϭ 1-5; Resnicow, Taylor, Baskin, & McCarty, 2005) . Specifically, respondents were asked to report how much they agreed that "I don't like to sweat," "I don't like to exercise," "My family doesn't like to exercise," "I'm not athletic," or "I don't want to mess up my hair" were reasons why they did not exercise as much as they would like to. For this analysis, four of the five items were used. The item "I don't want to mess up my hair" was not relevant to the entire population and was therefore not included. A total barriers score was calculated each for parents and adolescents by summing the scores of the four item scores (total range ϭ 4 -20). The Cronbach's alpha for the barriers to physical activity scale used in in this analysis was 0.75 for adolescents and 0.80 for parents.
The predictors of interest were perceived weight status of the parent and the adolescent. One item was used to separately assess parents' and adolescents' own view of their current weight category. Response options were "I'm very underweight," "I'm a little underweight," "My weight is just right," "I'm a little overweight," and "I'm very overweight." Few respondents selected "I'm very underweight" (n ϭ 28 total); thus, both underweight categories were collapsed to create a four-level perceived weight status variable (range ϭ 0 -3), in which increasing score equals increasing perceived weight. Perceived weight status variables were mean centered.
Other variables were included to assess for effect modification and to be considered as potential confounders. Previous research related to weight perception has considered the role of accuracy of weight perception, particularly among people who are overweight or obese Chen et al., 2014; Maximova, Khan, Austin, Kirk, & Veugelers, 2015) ; thus, to consider the role of perceived weight within the context of actual weight, an actual family weight status variable was created. Actual weight was conceptualized at the family level to capture the potential impact of having any overweight or obese dyad members. Specifically, this variable was designed to assess the overarching influence of actual weight on the association between perceived weight and barriers to physical activity, regardless of which member or members were overweight or obese. Therefore, dyads were categorized as normal weight (both dyad members had a normal or underweight body mass index [BMI]) or overweight (at least one dyad member had an overweight or obese BMI) using cutoffs based on Centers for Disease Control and Prevention guidelines (Centers for Disease Control and Prevention, 2015a, 2015b) . BMI for adults and age-and gender-specific BMI percentile for adolescents was calculated from self-reported height and weight of the parent and adolescent. Lastly, demographic characteristics considered were gender (male vs. female), race/ethnicity (non-Hispanic white vs. Hispanic, American Indian or Alaska Native, Asian, Black or African American, and Native Hawaiian or Other Pacific Islander), age (18 -44 vs. 45-60ϩ for parents; 12-14 vs. 15-17 for adolescents), and parent education (Յhigh school, some college, a college degree or more). Analysis SAS 9.3 was used to calculate descriptive statistics for categorical and continuous variables, and to determine the amount of interdependence between parents' and adolescents' perceived weight status and barriers to physical activity using Pearson and intraclass correlations. Then, an actor-partner interdependence model (APIM) using parent and adolescent-perceived weight status to predict parent and adolescent barriers to physical activity was modeled in Mplus (Kenny, Kashy, Cook, & Simpson, 2006) . The APIM quantifies the extent to which an explanatory variable for one person is correlated with the outcome for that person as well as their partner, while accounting for the shared correlation in the explanatory and outcome variables. Thus, a direct effect between an actor and partner for the outcome of interest is not modeled directly. The presence of effect modification by adolescent gender, parent gender, and family weight status was assessed by creating separate stratified models for each of the potential moderators and testing for significant differences in the path coefficients for each set of stratified models. Evidence of effect modification was only found when comparing normal weight dyads with dyads with at least one overweight/obese member. Thus, all further modeling was performed with models stratified by family weight status.
The final stratified models were adjusted for potential confounding by parent and adolescent age, gender, and race, and parent education. Unstandardized path coefficients from the final model provided an estimate of the dyadic association between parents' and adolescents' perceived weight status with barriers to physical activity, using a p value alpha of 0.05 as our criterion of a statistically significant association. Actor effects (i.e., the effect of one's own perceived weight status on their own barriers to physical activity) and partner effects (i.e., the effect of one's own perceived weight status on their partner's barriers to physical activity) were estimated using standardized path coefficients to examine which partner played a stronger role in the dyadic association. The amount of variability explained in parent and adolescent barriers to physical activity by the model was examined using R 2 .
Results
Descriptive characteristics of parents and adolescents are shown in Table 1 . Approximately 54% of the sample included parents under the age of 44 years, and there was an equal distribution of adolescents between the ages of 12 to 14 years and 15 to 17 years. Roughly 30% of parents and 35% of adolescents identified as a race/ethnicity other than Non-Hispanic white. Thirty-nine percent of parents and 73% of adolescents were normal weight based on self-reported BMI. On average, parents and adolescents perceived their weight to be healthy (1) to a little overweight (2; mean ϭ 1.84 and 1.21, respectively; range ϭ 0 -3). Parents and adolescents reported a moderate level of barriers to physical activity (mean ϭ 10.29 and 9.60, respectively; range ϭ 4 -20). There was evidence of a significant dyadic correlation (correlation between parents and their adolescent children) for perceived weight status (Pearson correlation ϭ 0.23, p Ͻ .01) and barriers to physical activity (Pearson correlation ϭ 0.45, p Ͻ .01), and the intraclass correlation between parent and adolescent barriers to physical activity was 0.45.
The unstandardized estimates of the adjusted APIM stratified by family weight status are shown in Table 2 . Among normal weight dyads (n ϭ 491), there were no statistically significant associations between adolescents' and parents' perceived weight status and barriers to physical activity. Among dyads with at least one overweight/obese member (n ϭ 991), adolescent-perceived weight status was positively associated with barriers for both adolescents (␤ ϭ 1.17, confidence inter- Among dyads with at least one overweight/obese member, both actor effects were stronger than partner effects. Specifically, the association between parent-perceived weight status and parent barriers to physical activity was stronger than the association between adolescent-perceived weight status and parent barriers to physical activity, and the same for adolescents. For normal weight dyads, the model explained 10.1% and 6.4% of variability in parent and adolescent barriers to physical activity, respectively. For dyads with at least one overweight/obese member, the model explained 18.0% and 10.5% of variability in parent and adolescent barriers to physical activity, respectively.
Discussion
This study assessed the dyadic associations between perceived weight status and barriers to physical activity among parents and their adolescent children using the APIM. The results indicate that the dyadic associations of interest varied by self-reported family weight status. Specifically, no statistically significant associations were found between perceived weight status and barriers to physical activity in families in which both members of the dyad were normal weight, but there were statistically significant, positive actor and partner associations found for families in which at least one member of the dyad was overweight or obese. Among those dyads, the results are similar to those of Anderson et al. (2009) in that both demonstrate the potential influence that parents' beliefs and perceptions may have on the beliefs of their adolescent children related to physical activity. However, these results cannot be directly compared, as Anderson and colleagues considered only positive attitudes, included a younger population of children (fourth and fifth grade children), and did not assess models by family weight status. Even given these differences, these findings expand on those of Anderson et al. by demonstrating the association of parents' and children's beliefs, by considering barriers, and by helping to provide a better understanding of the potential mechanisms between shared parental and child beliefs with an important precursor of behavior, barriers to physical activity.
A particularly interesting finding was the evidence of effect modification by self-reported family weight, which led to the creation of two APIM models, one for dyads with two normal weight members and another for dyads in which at least one member was overweight or obese. Significant associations between perceived weight status and barriers to physical activity were seen only for families with at least one overweight or obese member, but in both groups, dyad members had correlated reports of perceived weight status as well as barriers. Further, the standardized estimates for dyads with two normal weight members c Body mass index (BMI) for adults, and age-and gender-specific BMI percentile for adolescents, were calculated from self-reported height and weight from parents and adolescents and used to create this categorical variable.
d Perceived weight measured using one item, "Overall, how would you rate your current weight?" Responses coded so that increasing score ϭ increased perceived weight status (range ϭ 0 -3).
e Total barriers score ϭ summed score of four items with 5-point response scales (range ϭ 4 -20).
were close to zero and were larger for dyads with at least one overweight/obese member. Also, mean levels of barriers to physical activity were similar regardless of family weight status (data not shown). Lastly, in dyads with two normal weight members, the negative association between adolescent-perceived weight status and parent-perceived barriers to physical activity was not statistically significant using the criterion of a p value of 0.05; however, the estimate had a 95% CI that did not include zero, suggesting a borderline association. Therefore, it appears the differences in the associations by family weight status reflect differences between families with and without an overweight/obese member. People who are normal weight may still not consistently meet physical activity guidelines and could have barriers to physical activity, but more research is needed to understand the influence of perceived weight status for this group. One hypothesis is that people who are normal weight have a better body image (Kantanista, Krǒl-Zielińska, Borowiec, & Osiński, 2017) , which, in turn, could decrease the effect of perceived weight status on weightmanagement-related beliefs and behaviors. Future research using mixed-methods designs seem to be uniquely suited to better understand the results of this study.
The shared association between parents and their adolescent children for perceived weight status and barriers to physical activity suggests that weight perceptions in an individual are associated with their own beliefs and perceived barriers to physical activity in the other family member. This may, in turn, lead to an overall reduction in physical activity between both members of the dyad, and perhaps the entire family. This finding has important implications for weight reduction interventions, as programs designed to increase physical activity are generally targeted to adults or youth individually, such as in workplace or school settings, and do not focus on the family unit. The results indicate that interventions targeting overweight adolescents and adults might be more successful if they focus on reducing barriers for the entire family rather than just the individual because of this cross-directional effect. This is especially relevant given that a previous familybased lifestyle intervention found that a higher than average weight loss in a caregiver was associated with statistically significant maintained weight loss in adolescents from the same household (Xanthopoulos et al., 2013) .
Given the association between perceived weight status and barriers to physical activity, interventions designed to decrease barriers should consider also assessing participants' perceived weight status for several reasons. First, based on the results, the highest levels of barriers to physical activity would be expected to be found in people who perceive themselves to be a heavier weight; thus, this group may need additional motivational and barrier reducing intervention content to successfully decrease their barriers to physical activity. Second, perceived weight status, when it does not match actual weight, could be corrected as an additional target of weight reduction interventions (Duncan et al., 2011) . For example, interventions could focus on actively better aligning perceived weight status with objectively measured weight status. For example, an intervention might focus on realigning weight perceptions for people who perceive themselves to be less heavy than they are as an additional form of motivation to increase physical activity and decrease weight. An example of an intervention to this effect would be physicians providing overweight patients with weight loss advice, which has been shown to be an effective strategy for weight loss in this group (Rose, Poynter, Anderson, Noar, & Conigliaro, 2013) . For people who did not perceive themselves as being overweight, clinician advice for weight loss could act as a teachable moment and realign their perceptions with their actual body weight. Other strategies that could be used to better align weight perceptions and actual weight include self-monitoring of weight, which could be implemented in a family setting and which has been included as a part of an ongoing family-based weight reduction intervention (Wilson et al., 2015) . Further, in a family-based intervention, the finding of significant partner effects indicates that it might be insufficient to only address weight misperceptions in one half of the dyad. Instead, correcting weight misperceptions within the family might be more effective.
This study has several limitations that need to be considered. First, the FLASHE study is cross-sectional; therefore, the causality of our associations cannot be determined. However, the APIM has been used previously to model dyadic relationships of items measured on a cross-sectional survey. Another limitation of the crosssectional survey is variations over time in perceived weight status and barriers to physical activity cannot be assessed. This is especially important given that this sample includes adolescents whose barriers could change more rapidly over time. Further, barriers relevant at one point in adolescence may not be as relevant at other points (i.e., barriers in middle school may be different than those in high school). This analysis was also a secondary data analysis that relied on self-reported measures. Of particular concern is the reliance on self-reported height and weight, which were used to calculate BMI. For example, self-report of these measures could have led to an underestimation of BMI, which would have resulted in misclassification of dyads as normal weight when, in fact, one or both dyad members were overweight or obese. Further, the variable for adult age was only available as categorical variables; thus, for consistency, adolescent and parent age were treated as categorical variables. Related to measurement and the importance of reducing respondent burden, another limitation is that lengthy measures could not be included in the FLASHE survey. The implication of this for the present analysis is that not all salient social, physical, and environmental barriers to physical activity could be assessed. Although a large, geographically diverse sample was recruited for this study, the population included mostly highly educated and affluent respondents, which limits the generalizability of the findings, especially to undeserved groups that may be most at risk for being overweight or obese. Unfortunately, obesity in adults and adolescents is a ubiquitous problem in the United States; thus, the findings are still relevant to a large group of individuals. In this study, weight at the family level was examined by considering weight for both members of the dyad to elucidate the overall impact of having at least one overweight or obese family member on the association between perceived weight and barriers to physical activity. However, the ability to evaluate specific combinations of normal weight, overweight, and obesity in dyads was also limited because of some smaller sample sizes in specific groups. For example, this study was not able to quantify the associations among families with a normal-weight adolescent but a parent who is overweight or obese. To better understand the mechanism behind the interaction by family weight, future studies with larger samples could consider looking at the unique combinations of dyad weight. Lastly, this analysis focused on examining barriers to physical activity because they were assessed with the same items for parents and adolescents, and was not able to consider actual minutes of physical activity during the week or sedentary behavior, which is also an important factor related to obesity.
Despite the limitations of our study, there are still several strengths. Specifically, unlike previous studies, which focused solely on parental influences (Anderson et al., 2009) , this study considered a dyadic model of parents on adolescents as well as adolescents on parents and found evidence of a shared parentchild relationship, which provides additional evidence of the need for family-based weight reduction interventions. This study also utilized a national sample. Lastly, this study provides evidence for a potential mechanism linking perceived weight status to physical activity levels by considering barriers to physical activity as a precursor to actual activity. It is imperative that research related to obesity reduction and prevention understand the mediators and precursors of behavior so that effective interventions can be developed (Anderson et al., 2009) . Future research should consider actual activity outcomes to fully understand this potential mechanism. It would be particularly informative to assess the association between perceived weight status and physical activity, while considering barriers to physical activity as a mediator of this association. Given the lack of association between perceived weight status and barriers to physical activity among normal weight families, it is important to continue to measure actual weight, especially using objective measures, such as measured BMI and waist circumference, to see if the differential impact of family weight on the association between perceived weight status and barriers to physical activity is present in other samples.
Conclusion
This study used an APIM to assess the dyadic relationship between perceived weight status and barriers to physical activity. Although previous literature has focused on the impact of parental attitudes on their child's attitudes and behaviors, this study also examined and found an association from an adolescent's perception to their parents' barriers to physical activity; thus, both members of the dyad have a potential role to play in behavior change interventions. The finding of actor and partner effects of increasing perceived weight status being associated with increased barriers to physical activity show the potential importance of this construct in physical activity interventions. Future interventions could benefit from the inclusion of both parents and adolescents in reducing barriers to physical activity, especially among families with at least one overweight individual.
